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Space	observatories	in	the	near-Earth	space	

image credit: smdepo.org 
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Ground-based	instruments	observing	the	near-
Earth	space	
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General	Architecture	

Seman&c	Harmoniza&on	Layer:	harmoniza:on	of	the	data	sources	and	their	adop:on	of	the	ESPAS	data	
model;	Data	and	Seman&c	Integra&on	Layer:	(meta)data	harves:ng	and	basic	content	management	
services;		
Value-added	Services	Layer:	provides	the	services	built	on;	Web	Layer	:	Graphical	User	Interface;	
Binding	Layer	:	components	that	glue,	manage	and	organize	all	the	services	in	a	SOA	
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ESPAS	data	model	–	high	level	overview	

ISO Open Geospatial  
Data Model 
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ESPAS	ontology	

The Observed Property is defined in ESPAS as a forest 
of 6 trees:  
 
1. Phenomenon 
2. Measurand 
3. Feature of Interest  
4. Propagation Mode (wave phenomena only)  
5. Interaction (wave phenomena only)  
6. Qualifier 
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Phenomenon	vocabulary	
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Measurand	vocabulary	
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Feature	of	interest	vocabulary	



ESPAS	services	
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• Metadata	search	
Ø Time	period	
Ø Assets	
Ø Observed	proper:es	
Ø Observa:on	collec:ons	
Ø Loca:on	(of	the	instrument)	

		
• Download	of	data	files:	the	user	gets	the	available	datafiles	in	their	original	format	
	
• Download	of	data	values	(extracted	parameters),	the	user	gets	as	a	result	a	text	file	(csv	
or	XML	format)		
	
• PloFng	tools:	Downloaded	data	values	can	be	ploHed	using	either	the	quick	plot	of	the	
ESPAS	plaborm	or	the	most	advanced	IDL-based	plocng	tool	for	OGC	data	files.	
	
• Registra&on	and	valida&on	of	data:	Data	collec:ons	from	space	missions	and	ground-
based	instruments	can	be	registered	in	ESPAS	following	the	standards	of	the	ESPAS	data	
model	and	domain	ontology.		The	service	is	available	to	the	scien:fic	community	upon	
request.		
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ESPAS	portal	
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Navigate	in	ESPAS	
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ESPAS	offers	open	access	to	data	*	
Users	must	register	
Users	must	accept	the	Terms	of	
Reference	provided	by	each	data	
provider	

Access	policy	–	data	reuse	

*	A	requirement	from	several	journals	
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Data	license	and	Terms	of	Reference:	an	
example	

UBIRM's	Terms	of	Reference	
The	data	acquired	from	this	service	may	be	used	freely	for	
educa:onal	and	non-commercial	academic	research	purposes	by	
registered	users	only.	Redistribu:on	of	the	data	is	subject	to	the	
same	condi:ons	of	use.	Please	reference:	Angling,	M.	J.,	and	N.	K.	
Jackson-Booth	(2011),	A	short	note	on	the	assimila:on	of	collocated	
and	concurrent	GPS	and	ionosonde	data	into	the	Electron	Density	
Assimila:ve	Model,	Radio	Sci,	46(RS0D13).	
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Get	suppor:ng	info	
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ESPAS	Data	Portal	
hHps://www.espas-fp7.eu/portal/	
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BACKUP	SLIDES	

BACKUP	SLIDES	



ESPAS	basic	services:	Homogenized	access	
to	the	main	ESPAS	data	repositories	
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Observa&onal	Data		
•  High	level	metadata	search:	Datasets	
•  Granule	level	data	search:	Data	

	
Search	fields:		
organiza:on,	observatory,	
characteris:cs,	instruments,	
temporal	and	spa:al	constraints,	
observed	vs	generated	data	

Madrigal	
Parameters	

SAO	
Parameters	
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Interoperability	services	

•  An OGC compliant 
Catalogue Service 
(CSW), which supports the 
discovery of ESPAS 
resources offered by each 
data provider. 

•  A Download Service, that 
facilitates the download of 
data bundles in terms of 
data collections offered by 
each provider. 

•  An OGC Compliant 
Sensor Observation 
Service (SOS) with the 
goal to facilitate the 
collection of selected data 
parameters/values from 
the observations of each 
data provider. 



VWO	and	
VITMO:	
based	on	
SPASE	
model	

No dictionaries for physical parameters 

SPASE	and	ISO	OG	data	model	
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Some	science	cases		
and	the	implica:ons	to	collect	

the	required	data	
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Data	assimila:on	into	models	

image credit: CCMC 

EISCAT ISRs 
Ne 

Ne profiles from 
ionosondes and 
Digisondes 
extrapolated to 
the topside 
ionosphere 

CHAMP Radio 
occultation 
profiles 

IRI Ne as 
background 

IMAGE RPI Ne 
profiles 

ISIS I&II and 
Alouette topside 
Ne profiles 
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What	needs	to	access	ED	data	from	various	
sources?	

EISCAT	ISRs	Ne	

Ne	profiles	from	ionosondes	
and	Digisondes	extrapolated	
to	the	topside	ionosphere	

CHAMP	Radio	occulta:on	profiles	

IRI	Ne	for	background	values	

IMAGE	RPI	Ne	profiles	

ISIS	and	AloueHe	topside	Ne	profiles	

Madrigal	DB	
hHp://www.openmadrigal.org/		

DIDB	ionograms	scaled	characteris:c	
hHp://giro.uml.edu/didbase/scaled.php		

CHAMP	Radio	occulta:on	profiles	
hHp://sisko.colorado.edu/suHon/data.html.	

Interna:onal	Reference	Ionosphere	–	IRI	
hHp://www.irimodel.org		

IMAGE	RPI	Ne	profiles	
hHp://ulcar.uml.edu/rpi.html		

ISIS	and	AloueHe	topside	data	
hHp://nssdc.gsfc.nasa.gov/space/isis/
isis-status.html		
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Valida:on	of	a	3D	electron	density	model	

Reconstructed 
ED profiles 
along various 
paths (vertical 
and slant) 

TaD electron density model Comparison with vertical and slant TEC 
from IGS GNSS receivers  
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What	needs	to	access	the	required	data?	

Download	the	TaD	model	
computed	TEC	values	
hHp://dias.space.noa.gr		

Grids	of	TEC	values	

Download	IGS	RINEX	files	for	
selected	GNSS	receivers	
hHps://igscb.jpl.nasa.gov/
components/data.html		

Convert	RINEX	to	TEC	
TEC	values	for	
selected	geographic	
loca:ons	

Extract	model	TEC	for	
selected	loca:ons		
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QUASI-PERIODIC	EMISSIONS	by	CLUSTER	and	DEMETER	
spacecrap	(Nemec	et	al.,	JGR,	2013)	

Frequency-:me	spectrograms	of	power	
spectral	density	of	electric	field	fluctua:ons	
measured	by	DEMETER	on	13	April	2010.		

Frequency-:me	spectrograms	of	power	spectral	density	of	electric	field	
fluctua:ons	measured	by	the	WBD	instrument	on	board	Cluster	4	on	13	April	
2010	close	to	the	equatorial	region	at	radial	distances	3	to	6	Re.		

The	extent	of	the	analyzed	QP	event	
from	13	April	2010	as	observed	by	
DEMETER	(black),	Cluster	2	(red),	and	
Cluster	4	(blue).	L-values	and	MLTs	of	
the	satellites	between	04:30	UT	and	
09:30	UT	are	ploHed	in	polar	
coordinates.	The	parts	of	the	satellite	
orbits	where	QP	emissions	were	
observed	are	ploHed	in	bold.		

Cluster	satellites	are	in	a	highly	ellip:c	orbit	
which	is	evolved	with	:me.	
Demeter’s	orbit	is	a	quasi	Sun-synchronous	
circular	orbit	with	an	inclina:on	of	about	
98.23°	and	an	al:tude	of	about	660	km.	
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What	needs	to	access	CLUSTER	and	DEMETER	
data?	

Demeter	CDPP	

Satellite	Situa:on	Center	Web	
hHp://sscweb.gsfc.nasa.gov/		

Find	:me	intervals	when	CLUSTER	and	DEMETER	
data	are	available	

Register	and	login	

Download	datafiles	and	
quick	plots	

Cluster	Science	Archive	

Automa:c	login	

Download	datafiles	and	
quick	plots	

Proceed	with	data	analysis	
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IMAGE	RPI	conjunc:ons	with	ground-based	
Digisondes	(Belehaki	et	al	2009)	

2D	electron	density	distribu:on	in	the	magne:c	meridional	
plane	derived	from	RPI		data.		
	
When	IMAGE	plane	is	close	to	a	Digisonde	loca:on	on	the	
ground	(star	symbol),	the	ionogram-derived	boHomside	ver:cal	
EDP	of	ionosphere	can	be	combined	with	the	plasmaspheric	
ver:cal	EDP	from	RPI	data	(dashed	line)	for	comparison	with	a	
reconstruc:on	model	(TaD	model	in	this	case).		



34	

Steps	required	to	access	and	collect	the	data	

IMAGE	RPI	Ne	profiles	IMAGE	RPI	Ne	profiles	
hHp://ulcar.uml.edu/rpi.html		

Manually	search	for	
conjunc:ons	of	RPI	
sounding	loca:on	with	
ground-based	
Digisondes	

Locate	the	RPI	plasmagraphs	and	
reproduce	the	topside	ED	profiles	


